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transducer

tissue boundary

tissue boundary i—l—

(left) Basic principle of ultrasound imaging. A transducer sends a series of pressure waves through the
tissue. At boundaries between tissues, a small fraction of the energy is backscattered towards the
transducer where it is detected. Using the speed of sound through tissue, the depth of the tissue
boundary can be determined. Electronic steering of the beam across the sample builds up successive
lines which form the image. (right) The intensity of each pixel in the image is proportional to the
strength of the detected signal reflected from that point.
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Z direction
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rarefactional

pressure (p,) T

The effect of the passage of an ultrasound wave on the displacement of the molecules within tissue.
The maximum positive pressure of the wave corresponds to the maximum compressional force,

pushing the molecules together. The corresponding maximum negative pressure represents a
rarefactional force.
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Table 4.1: Acoustic properties of biological tissues

Zx10° Speed of sound Density Compressibility x10'’

(@em“s™) (ms™) (gm ~) (cm g~' s%)

Ar  0.00043 330 1.3 70000

Blood  1.59 1570 1060 4.0
Bone 7.8 4000 1908 0.3
Fat  1.38 1450 925 5.0
Brain 158 1540 1025 4.2
Muscle 1.7 1590 1075 37
Liver  1.65 1570 1050 3.9

Kidney 1.62 1560 1040 4.0
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1 s

The intensity of a 3 MHz ultrasound beam entering tissue is 10 mW/cm®. Calculate
the 1ntensity at a depth of 4 cm.

The attenuation coefficient is 1 dB em ™' MHz ~*, and so has a value of 3 dB em ™!

at 3 MHz. At a depth of 4 cm, the attenuation 1s 12 dB, which corresponds to a
factor of 16. So the intensity of the beam is 0.625 mW/cm?.
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